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Electronic Engineering Notebook: A Software Environment
For Research Execution, Documentation, and Dissemination

by Dan Moerder

The Electronic Engineering Notebook (EEN) is a byproduct of several years of
collaborative work between LaRC and Martin Marietta Astronautics Group. The EEN
consists of a free-form research notebook, implemented in a commercial package for
distributed hypermedia, which includes utilities for graphics capture, formatting and
display of LaTex constructs, and interfaces to the host operating system. The latter
capability consists of an informal Computer-Aided Software Engineering (CASE) tool,
and a means to associate executable scripts with source objects. The EEN runs on Sun
and HP workstations. '

The EEN, in day-to-day use, can be used in much the same manner as the sort of research
notes most of us keep during development of our projects, Graphs can be pasted in,
equations can be entered via LaTex, and so on. In addition, the fact that the notebook is
hypermedia permits easy management of "context": e.g. derivations and data can contain
casily formed links to other supporting derivations and data. The CASE tool also permits
development and maintenance of source code directly in the notebook, with access to its
derivations and data.

The EEN is currently in day-to-day use in the Guidance Group of the Guidance and
Control Branch, and at Martin Marietta Astronautics Group.
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What is the Notebook?

Distributed hypermedia toolset for managing results of a
research team’s work...

—Structured for "unruly” information

- On the fly hypertext links between small "chunks" of
information

— Equation editing and display via LaTeX and symbol
palette

—Capture and pasting of X images, e.g. Matlab plots

~- "Informal,” "researchy” CASE tool

® @Parent
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Hypermedia Document Example

(Link from a higher-level frame that ~, | Product Documentation ProdDacl
. v : 7
mdelz:es all 1;he compainy s dgcurr_lents. Guides and Manuals @LandScape
marketing literature, orms, Invoices, « Guide to Desktop Tools
product documents, technical papers, etc.) + Guide to Deskiop Plammer
¢ The Desktop Writer’s Maoual Production Schedule Schedl
Tutorials (computer-based) Week 1 Week 2
« Using Desktop Tools D"‘fi‘ }m b
- 111
« Creating a Desktop Plan Review [T
. . Draft 2
\l/ + @Product Marketing Literature Wit |
s Large Save Exit Reset Prev Next Home Goto Help isp Review 3
Guide to Desktop Tools Tools} . Diagr = ~ =
Final i
This Guide explains how to use the 3 S |l *
Desktop Tools. Together, they can < P
belp you be far more productive in
your office.
* @Schedule Large Save Exit Reset Prev Next Home Goto Hcl;J [Disp
« 1. Calculator » @C
o 2. Grapher Comments on Tools Guide  Cmt} e: Should we have Cmt2
+ 3. Calend | R -  ja-separate Grapher tutorial?
[Joe, 3.13.87} Lookix;g good!... ) B
: N : [Annctte, 3.14.87] 1 think the
Large Save Exit Reset Prev Next Home Goto Help[Disp ‘ ; [Kevin, 3.14.87] Tthink you need Grapher is complicated enough....
| a few more Grapher examples...
:I/ [Kevin, 3.15.87] I think we
should concentrate on showing
< Amnette, 3.14. Perha; — % .
Chapter 1: Using  Tools2 Chapter 2: Using  Tools3 Chapter 3: Using  Tools4 ° s[Jhoul dn;‘?ela 87] ate mtl:)sﬁ‘:rfor people how to combine ...
the Desktop Calculator the Desktop Grapher the Desktop Calendar ©. 1
- the Grapher. ,
The Calculator can The Graplrr lel§ you create The Calendar helps you ‘ [A:l’:‘;ue, 3.16.87] Let’s check
function like a hand-held... f'vmety of business graphs tl::cul:s mﬂd sch?duz :ppomt- | (Sheila, 3.17.87) 1 like the function { withJim’s group...
o 1. Basic operations summaries...
o 1. Basic operations o 2. Example Graphs Larpe Save Exit Reset Prev Next Home Goto belp Large Save Exit Reset Prev Next Home Goto Help
o 2. Example Calculations o 3. Importing data o 1. Basic operations
o 3. Piping results from the Calculator ) o 2. Example Calend. y
. 4. Graph fornats o
© 4. Function list ° 3. Calendar formats . .
o @Tutorial issues Figure 1-1. Example hypermedia database.
Large Save Exit Reset Prev Next Hdme Large Save Exit Reset Prev Next Hgme Large Save Exit Reset Prev Next Hgme In this portion of an example KMS datAbasev the knowledge

chunks are related to the task of producing a manual called
"G 'd .ll

(The items on these 3 frames in the "Guide to Desktop Tools"
are linked to subsections of the Guide that aren’t shown.) * @Parent

* @Parent
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Notebook Implementation

—Based on COTS software for SUN and HP workstations

— Distributed databases are shared, enhancing team
access to knowledge and codes.

~ Knowledge, includes working notes, graphics, analysis
codes, and machinery for running them all form a
“"document"” with executable components....

~ Components have been assembled, primarily, under
Martin Marietta CRAD and IRAD support, with Langley
involvement.

—Notebook is a component of a Martin reusable
engineering system - the Process Management
Environment.

® @Parent
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Research Tasks in the EEN

—Recording Derivations

~Doodling
= Writing Code

- Setting Up Problems for Solution

—~Managing Data
—Doing Experiments

- Writing A Paper

¢ @Parent
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Case History

Task: Development of a trajectory optimization code for
generating reference trajectories

— Define simple class of optimal control problems to be
solved |

— Establish notation for representation in parameter
optimization software

— Realize representation in FORTRAN

— Develop test cases
—Extend to more complicated optimal control structures

— Write a Paper

* @Parent
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@MORE

Similarly, the state inequality constraints are arranged as
Latge begin {equeticn}

(7) Nt {mnjagle) jNeq H_iNeg Lentk_ [mes [right)
=l Ndaan b \end|equatian} |

(hmin)j < Hj S (hmmr)j .7 = ]-’ oy Ty (T)

Note that we are not posing the problem in such a way that the upper and lower bounds for
Y(z), TN 41,p) =0 (8) G; and H; are functions of the x’s u’s or p. We are not totally comfortable with
the notion of using the upper and lower bounds aggressively, since they are defined outside
the logic for calculating the G’s and H’s.

Z=[Z]=0 (9)

4 The boundary conditions are restated as
[- (gm‘in)l S QI S (gm.ur)l (8) E;EF'-:
v = ( QZ m.")ng i i; , i ( % s )ng (10) zgg siro:hclzgenated with the system dynamics (4) to form the equality
( min)l = 1 > mnr)l N
: i : (9) RS
(hmin)nh < th < (hnmr)nh ] -

The inequality constraints (6,7) are concatenated to form

‘:—-'I‘ivll-l-"r)
— R efvegn
j = ¢(Ilv$,\ —va) (11) u.(mn.ll(;zo‘fmenu_lm-n_n\
witr &k wio &k wen N
(1 ‘)) (x_fmnl)_{ng) dNegk G_lo g} SNeqk (2_|mex})_[o_g} N

OL[mxn}) 1 &Nkt H_| dNeqk (1_jman})_t N
wdos &2  wits AR wiaz N\

T T T : . gt (o _ima
XT = [zif uz‘ x;r u; cozh ‘U,T\- 17‘\»'+1 p ] (12) E:n&:%muruumam_t }_fan)
equticn

Note that (10) is N*n g+(N+l)*nh constraints.

As a final note, the cost is expressed as

oy EE

The free variables in this code are arranged as

Lagr Noegin{oqatian)
(12) lx:l‘;.::(xl‘f—l,rf-q_?f—¥lﬂl~—t_ﬂ“l’-—u}l“?—l.[Ntl]‘T—rT
@LITOX ‘md{eguan}}
@UTLS DIR
Q@MATLAB
@XWD
@IMAGE MGR | * Gef fram X Windows clipboard  * Attach to X Windows clipboard

@FONT ° M-Fle Tool © FORTRAN Tool ° Get Back to Tile @MORE @landscape @FORMAT @STYLES ° @Type:FormattedDoc

° @Type:psimage
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This frame summarizes the details needed to run the single-phase direct NLP
shooting code. The code uses NPSOL to minimize a cost function subject to plant
dynamics, boundary conditions, and miscellaneous user-specified inequality
constraints. Note that, for this version of the code, no interior boundary conditions,
¢.g. staging, are permitted. In addition, the problem is assumed to be cast in Meyer
form, with unity duration. The problem statement is

> Problem Statement Here

and its representation in the code is laid out here: -

- Derivation Here... |
In order to run the code, the user supplies a main routine, and five subroutines: cost
boundary conditions, RHS of the plant ODE’s, state inequality constraints, and
control inequatlity constraints. Templates for these routines are given below:

£

° Template for the main routine, madsl.f

» Template for cdsl.f (Cost Function)

° Template for bedsl.f (Boundary Conditions)

° Template for pltdsl.f (RHS of plant ODEs) o

° Template for scndsl.f (State Inequality Constraints)

° Template for ccndsl.f (State/Control Inequality Constraints)

NR‘;':‘{?\L\
/
° c:}dsf.f l npoptn.f

cdsl f o dsicon.f

S

o dstirajf o dstirajf
° odedst.f ok

o cim:[ﬂ.f o sindsi.f

l o mpgstf ok
@LaTeX ° mpdsi.f ok senisl f pudlts
@UTILS DIR con d{ ' °NPSO
@MATLAB
@XWD
@! MAGE MGR .
@FONT o M-File Tool ° FORTRAN Too! o Get Back to Title @MORE
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Set up the code structure

@odl
NPSOL |
/
. c;tdstf l npoptn.f
cdsl.f - ds1con.f

- dstraj.f

D

- dstraj.f -dsttraj.f

/ i - odeds1.f ox
-cinds1.f  -sinds1.f l'
i ° mpdsif ox
° mpds1.f ox
scndsl.f plidsl.f
cendsl.f
@LaTeX
@UTILS DIR
@MATLAB
@XWD
@! MAGE MGR . APazen:
@FONT o M-File Toot ° FORTRANTool o Get Back to Title @MORE
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@Top of File

° @EXECUTE
SCRIPT

(0

Ress

This is a template for mads.f, which calls NPSOL for doing
singie-phase discrotized direct NLP. Here's g map of the code:

c -] »:saz?i;’f:;%qrm!
program madsl ';%'\':’::W
. . . . . O Myl K
implicit double precision (a-h, o-z) o clarshogy T
O wpooki g wdiesy

!
roha 1.

eC*¥¥**Daclarations and User-Defined Parameters

@ @ @ @
NPLNTP NROwWA  maxpval paxwkp
NUP  NROwWJ  maxwk pqint
NROWR  nu " nis
npint pe,
nbc
\4 nparms

cC***User Defines lLogic for getting plant
C pParameters and initial state and
C control guess

D ) y
& & @ @ % @

NCNLN NROWA :%éaxpvai nding Cg; s parms=plant parameters

NCHLIN NROWS maxwk  pis 5; x=initial guess for state,control history and
NCON NROW nu £Ls parameters.

N MAXWEP npint

LWORK nbe cds1.f

LIWORK Apanns v bcds1.f

°C***Execute NPSOL pitds1.f

- makefile @ ccnds1.f
=solution? scnds1.f

c=final value of constraint vector.

cC***ser Defines logic to save results

stop o £ R S
2 g, e pe oo G va g o A i R g, s
% &R AN s K LA A S T el LB W ¥
st e it 8 B G LR R A P wden ler HiRAEIEL 15 % :

end T e @Parent
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C***Set NPSOL execution parameters

° @EXECUTE
- SCRIPT

@Calculate derivatives numerically

call npoptn(’derivative level 0")
call npoptn (’'difference interval .0000001")

c***Djagnostic
call npoptn(’'print level 21")

@Hardwired interval for numerical
differentiation. If this isn’t used,
NPSOL will waste time figuring this out
on a case-by-case basis.

®* @Parent
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Last file export on: 28 January 94 at 10:49:57, current version

° Info

° Info

o Info

o Info

e Info

o Info

o Info

o Info

o Info

o Info

o Info

° Info

o Info

o Info

* Top frame of tree to write: todi0001a2

*File: /moerder/usrl/moerder/TODI-1l/ds1/mads1 f

* Add blank line between items: yes

* Follow tree items linking to other framesets: no

* Follow annotation items linking within the franieset: no
* Time version number:

* Preserve relative indentation of items: no

* Template frame:

* Remove 1st character of each line during'export: no
* Program to execute script: shell script

* Toggle text 1, family: Times
* Toggle text 1, size: 16
* Toggle text 2, family: Courier

* Toggle text 2, size: 14

° This script initially cloned from ’shoot0019a’ 27 December 93 10:33:32

* @Parent
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@Top of startup script

cd /moerder/usr1/moerder/TODI-1l/fighter

f77 -02 -0 mads1 mads1.f cdsl.o bedsl.o pitdsl.o ccndsl.o sendsl.o \
getprm.o ficof.o \
../ds1/dslcon.o \
../ds1/cstdsl.0 \
../ds1/dsltraj.o \
../ds1/odeds1.0 \
../ds1/cindsl.o \
../ds1/sindsl.0 \
../ds1/mpdsl.o \
-Inpsol -llinpackd

® @Parent

458



efswisdiedi1® o

sogpenswiod:edi|® - SITAISD LviHOIO edwospuni®

{{moimnbejpon,
Ul oWnmb
(uoymrbe [vfoJeSre,

‘Illl. o10%g 18D o

Tensn 9y} £q uaa13 st ‘b ‘aunssard orweudq

{ {worrenbe jpon,
(- om0 o] " wn(gean,
{ooamnbe javfeqjof ey

£q usAi8 st g aunyeradwa) Y] AUsyMm

|{worrents jrom,

OD=(Ov
feormebejwbec) st np

Hiwonenbe} pom,
K (ol 1ol e
(vorrembe jtonjolmn,

{ (worrenbe | pom,
OT) XAy rr (Kapa ] (An)uk
{ocerenbe JwSecy) s8m,

[{worrenbe jpum,
AT 1 Pvpwtyosn
[nxmnbejorfoqujefrn,

{ Increnbe) pom,
swnrvhpcian{ X op,
{wormbe jmSeqpj o B

|{oorsmnbejpon,
OrhasranRgor NN A | (]38 gyn{ vumvihjrop,
{wemnbe Jurboq)elro,

(wormnbe }pme,
varar\Eons{4) op
{oomenbe|mleq\jela

[{wormnbe jpos,
JRRNG-Lre[4}OR
{worrenbe jmteqjsdm

ST punos jo paadg

s1 Ayisuap ouaydsouns asaym

918 UOTIOW JO

suonenba Yy - stsay) s pEmAag susp] woiy peseydesed jopow 331018 9Y) IN0 SKB] OU STYL,

ICOLNYHAHOd » 1904 LW -
o PreOQU3 SMODUIM X O] YOBIY «  P/EOGCID SMODUIM X 1104 199) o

FHOW® -

(UI) Z/znd =b
=f

(6) ,_,q‘(ov)lg =(y)o
(8 6/A89+0°0¢ = (y)v

1=f
(1) Az0) X = (y)z
(0) (():2)1(Ai0) + y¥(fiv) + (fiv) = A
(s) Pl (y)d
(¥) Lsoon =z
(¢) (Lo —u)Z =4
(@ Lusa =y

w
b6—-——(q-—- =
buwsb ~ ——(@—-ap)=2

S1S3Yq |, SueH wouj 1)qd1g

INOID

HOW IOV IO
amx®
aVYILYH®
Hig SHLN®
X0151D

459



@Top of File
°c @EXECUTE

SCRIPT

o Miscellaneous Constants

@These are constants for the Hans F15

° a
d model

° az
° a0
o acd0

° bed0

- Drag Model

o ak

o bk
°ae

® @Parent
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° @EXECUTE
SCRIPT

+1.

-4

. +5.
=3

+7

29821 84 7 15e—1

37368651246
57116286752

7278%877344

.25219000620
.29821847445¢~1

461
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Flight Envelope Calculations

vHh) = argmax;,v} (1)
v (h) = argminyv
T(h,v) — D{h,v) =10 (2)
vy =20
r 2 3)

- Code Using NPSOL and

This doesn’t seem to work out. Here’s a check of the thrust and drag models.

> Code to display this stuff - Code to Check T-D over flight regime

@LaTeX

@UTLLS DIR

Q@MATLAB = : , HiE e

@XWD = St i
@IMAGE MGR | * Get from X Windows clipboard  * Attach to X Windows clipboard .

Q@FONT °M-Flle Tool °FORTRANTool  ° Get Back to Titke @MORE

This note lays out the calculations for generating a flight envelope for the
fighter aircraft model. In setting this up, I’m assuming that the envelope is
convex. Pursuant to this assumption, we get roughly half of the envelope by
solving

\Large i sbeginiequat ionf
\left.\beginjarray} irel}
vAs(h) éxeirm argi\maz_h v \\
vi-(B)axsi\rm argl\mte_b v
\endjarrayi\righty|
\endequation|

subject to
\Large |\beginjequation}

Tib,v)-D(b, v}=0
\eadisquat fontt

for a given 'y and load factor, in this case,

\Large {\beginjequatios]
\left.\beginiarrayiirelt
\gammaixi0 \\

as=sl
\ead|arrayj\rightsl
\endisguationt |

Naturally, The NPSOL business hasn’t converged except in a very narrow range
of conditions. I'm now checking against Hans’ model to determine where our
numbers diverge. R

- Code for Checking against Hans

The flight envelope to the left corresponds to the case where all conflicts with
Hans’ model have be resolved, with the exception of the Drag expression.

@landscape @FORMAT @STYLES ° @Type:FormattedDoc

° @Type:psimage




€9p

costappii76

- Diary for this problem (and) How to find Dan’s F-15 solution !!!

Do each of these things just in case GEORGE has dropped a disk !!
- (1) Matlab script to find the "slopy" F-15 data and save.
-(2) Do some FORTRAN and create the necessary jacobians.
-(3) Costate approx function for slopy F-15 -- super easy...

(4) Use approx costates as init guess
in shooting...

° Min-time-to-climb with one control segment

@LaTeX
@UTLLS DIR
@MATLAB

@XWD
@IMAGEMGR | * Getfrom X Windows clipboard * Attach to X Windows clipboard,

| @FONT ° @M-Flle Tool ° @QFORTRAN Tool * @Get Back to Title @MORE @landscape @FORMAT @STYLES ° @Type:FormattedDoc
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costappii77

Dans’ solution to the F-15 mintimetoclimb problem with one control seg can
be found in /moerder/usr1/moerder/TODI-I/slop_fighter/e2000_38000_21 dat !!!

This file has 21 individual problems (each with a different terminal energy). Each
run has 20 nodes, 6 boundary conditions, 5 states, 1 (phoney) control, and 3 free

params (that define the actual control found in x(4)) thus each solution has 128
npsol params.

20 nodes * 5 states + 19 (ctrls appear at midpoints) + 6 bc’s + 3 free params = 128

Anyway the data we want is found in (2561:2688); that is the last 128 lines in the
above file !!!

Next we must remember that Dan’s data does not have the control at the midpoints
but at the node points. I will use midpoint_filter.m to correct this.

Grrrrr.....

Last but not least Dan’s data does not have the time state as needed by my code.
I will correct for this in the usual way.

Grrrrr..... Trritation -- like a rash that won’t go away...

All of the above is taken care of in the (1) matlab script . .
on the previous frame...  O.K.1did this... and the result is stored in xu_slop.dat

in directory -- TODI-II/fighter

Next the trajectory jacobians are calculated in fortran ! O.K. I did this... and the resulting files are stored in

xu_slop_fdjac.dat and xu_slop_f.dat
in TODI-II/fighter

@LaTeX

Q@UTLLS DIR

@MATLAB

@XWD

@IMAGE MGR |  * Get from X Windows clipboard * Attach to X Windows clipboard, _

@FONT ° @M-Flle Tool ° @FORTRAN Tool ° @Get Back to Title @MORE

@landscape @FORMAT @STYLES ° @Type:FormattedDoc




@Top of File

° @EXECUTE
SCRIPT

° $Header
°$Introduction
°%Single-Impulse Problem Statement

@FIG. 4

°%$Results
RFIG 9

°$Two-Impulse Problem Statement

°$Figures and Tables

°% Bibliography

\end{document}

®* @Parent
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state

10

§sic f

gr i

independent variable

@LaTeX
UTILS DIR
@MATLAB
XWD
MAGE MGR
FONT 2 @Parent ° Link to

°M-FileTool - FORTRANTool  ©°GetBacktoTile @MORE
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Current Status

* Notebook system has been (stoically) tested and commented on by
GCB’s Guidance Group for almost a year.

— Testing and comments have resulted in large changes in
interface; notebook is going into its 4th major revision.

* Martin Process Management Environment (and our Notebook)
suffered from very troublesome learning curve - both being "dumbed
down" for usability under IRAD funding.

— Martin has developed a no-cost licensing agreement for
distribution of the new system to non-NASA users.

* The host software vendor (Knowledge Systems), in response to loud
and persistent suggestions from Martin and Langley will distribute
read-only licenses free of charge, and full licenses free to academic
institutions.

— This is favorable for technology interchange...

* @Parent
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IDEAS?2 Computer Aided Engineering Software
by Pat Troutman

IDEAS? is a multidisciplinary Computer Aided Engineering (CAE) software tool that
was developed for systems engineering and integration analysis of spacecraft. The name
IDEAS? was derived from the two software packages that were integrated to form the
tool. Interactive Design and Evaluation of Advanced Spacecraft (IDEAS) was a NASA
spacecraft-specific analysis software tool that was combined with a commercially
available product called Integrated Design Engineering Analysis Software (I-DEAS). I-
DEAS is a Structural Dynamics Research Corporation (SDRC) product that provided
capabilities lacking in NASA IDEAS such as solid and finite element modeling, thermal
analysis and advanced graphics.

IDEAS? utilizes a common database structure which facilitates the integrated flow of
data between the various analysis modules. All analysis is based on information derived
from a three dimensional solid math model that is created in the commercial solid
modeling program.  The combination facilitates traceability and ensures all analysis is
based on the same information. Once the model has been generated and stored in the
common database, a wide range of analysis can be performed. IDEAS2 has several
orbital dynamics modules that can simulate/analyze spacecraft characteristics such as
controllability in the presence of dynamic operations (solar array articulation, robotic
arms, etc.), orbit lifetime/reboost requirements and micro gravity environment. Structural
analysis capabilities are also available ranging from finite element modeling to forced
response analysis. The impact of the local spacecraft environment can also be evaluated

by utilizing the IDEAS? thermal and plume impingement analysis capabilities.

The common database and integrated analysis environment allow IDEAS?2 to be used
both for high level short term studies and large program systems integration. Several
NASA centers utilize the software for advanced concept analysis dealing with space
platforms or Lunar/Mars exploration. The Space Station Freedom program has
established IDEAS? as its primary Level II integration software package. IDEAS?
models are commonly used to disseminate the latest Freedom element weights and
configuration updates.IDEAS? has recently been upgraded to allow the entire software
package to be ported to a UNIX workstation along with a new graphical user interface.
This will allow smaller organizations to utilize the IDEAS2 capability without a
significant investment in computer hardware. ’

IDEAS? was initially developed from 1985 to 1986 and has continuously been enhanced
to include the most up to date analysis tools and graphics interfaces
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What is IDEAS?2

~ A multidisciplinary software tool that was developed
for spacecraft analysis

— All analysis is based on information derived from a three
dimensional solid math model that is stored in a common
database structure

— Analysis capabilities include orbital dynamics simulation,
structural modeling and analysis, thermal analysis,
plume impingement and orbital debris impact analysis
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from 1985 to 1986

in 1987

IDEAS? History

- Initially developed for the Space Station program
— Selected as Space Statio-n,"levfel Il integration package

— Used by LaRC, Johnson Spaceflight Center and the
University of Colorado

~ Updated in 1993 to run on a Silicon Graphics workstation
with a X window graphical user interface

LaRC Space Svstems & Concents Divicinn .J
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3-D Solid Modeling

Mechanism Definition

Orbital
Analysis

Orblt Lifetime

Controls
Analysis

Flight Attitude
Microgravity

3 DOF Controls
Simulation

6 DOF Dynamlc
Mechanisms

Analytical Mode}
Generator:

Finite Element Modeling
Structural / Thermal Analysis

Plume
Impingement

Modallng Structural Analysis Contamination
wtput Display al Analysis Plume Loads

- Orbital
- Debris Impact

Statics
Dynamics

System Translator
Dynainics

LaRC Space Systems & Concepts Division J
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Spacecraft Dynamics and C()ntrol Capabilities

- 3 and 6 DOF analysis programs, passive and active control

- Atitude Control Law Simulation Capabilities
- CMG (attitude or momentum emphasis; momentum management)
- Reaction Control System (RCS Jeis)
- Reaction Control Wheel (with suplemental magnettc torque rods)
- Passive Magnetic Dampers

- Microgravity Environment Determination

- Optimal Attitude Determination Capability

- Orbit Lifetime Analysis

- Reboost Guidance/Optimization Simulation Capablhty

- Robotic Dynamic Simulation

- Station Keeping Fuel Estimation

- ACRV Escape Trajectory clearance determmatlon

g /

\ : LaRC Advanced Space Concepts Division —)
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Structures/Mechanisms Analysis Capabilities

I-deas - Solid model generation (GEOMOD), finite element model
generation (SUPERTAB), post processing (SUPERTAB), transient
response analysis (Model Solution/SYSTAN).

ADAMS/ADASS - Mechanism/deployment analysis

NASCON - NASTRAN to SUPERTAB conversion

NASTRAN - Calculation of modes and frequencies.

\ LaRC Advanced Space Concepts Division —)




I8y

—NNSN\

Thermal / Plume Impingement / Orbital Debrls
Analysis Capabllltles

Thermal Analysis:

I-deas - Extensive 1nteract1ve geometrlc finite element & finite
difference modeling. Interface to "standard" thermal and structural
analysis tools. TMG - Solar and planetary heat flux calcu}atmns |

Plume Impingement Analysis: .
SFPLIMP - Designed to provide an assessment of the effects c:)f ]et
firing on nearby space structures. The software allows the user te
determine the instantaneous pressure loads, heating rates and
contamination rates on surfaces due to jet exhaust.

Orbital Debris Analysis:
Bumper II - Predicts the probability of no penetration or no impact
for spacecraft subject to man-made orbital debris or meteoroid impact.

'The code accounts for varying impact velocity, impact angle, wall

configurations, and the effects of spacecraft geometry and orientation.
LaRC Advanced Space Concepts Divisioh ‘
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SYSTEMS:

8
1
2

13/5 Intel 486/386 based PCs

1

S&SB Computer System Hardware

S$GI R4000 INDIGO Work Stations
SGI 4D/440 GTX Work Station
SGlI Indigo 2 Extreme

SGI Onyx Reality Engine Indigo 2

1

3

Digital VAX 6320 (1994 Phase Out)
Digital MicroVAXs (1994 Phase Out)

10 Mbps Ethernet (1994 FDDI 100 Mbps Phase In)

Onyx
Reality
Engine

indigo

4D/440

10 Mbps Ethernet  Xwindows Users

LaRC Space Systems & Concepts Division -
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IDEAS?

Lessons Learned in Developing & Maintaining

IDEAS squared currently has a high degree of integration
between the commercial software, the database and the
NASA developed analysis codes. Changes in one area

can ripple through to the others causing a maintenance
backlog. | |

Engineers are hampered during analytical software
development by complex database and GUI interfacing

LaRC Space Systems & Concepts Division -J
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Sample IDEAS” Analysis Video

Analysis Task: Verify that the Shuttle RMS can rotate the
an early stage of the Space Station through two 90 degree
rotations in one orbit’s time.

Geomod - Used to build model of shuttle/station
configurations

ARCD - Used to establish initial and final configuration
flight attitudes

ATTPRED - Used to establish initial and final configuration
stability characteristics

ADASS - Used to perform free drift/'robotics simulation

o~ —~ R - -




